CNVs by analyzing the number of reads that fall in each pre-specified window of a 92 certain size (Abyzov et al. 2011; Szatkiewicz et al. 2013 ). Hence, the advent of NGS 93 technologies and suitable analytical method promises to systematically identify CNVs 94 at higher resolution and sensitivity. 95 At present, the three aforementioned high-throughput platforms have been applied to 96 livestock genomics for CNV detection, such as sheep ( (Elferink et al. 2008) . 104 A genome-wide chicken CNV analysis is essential since the chicken is not only an 105 economically important farm animal but also a valuable biomedical model (Wang et more refined and individualized chicken CNV map and investigate genome-wide 113 CNV genotyping, benefiting from extensive genetic diversity in Chinese indigenous 114 (Qu et al. 2006 ) and commercial chickens, we describe the use of NGS data to detect 115 CNVs in the diversified chicken genomes, and estimate genome-wide gene copy 116 number, enabling us to better understand the patterns of CNVs in the chicken genome 117 and future CNV association studies similar to SNPs. 118 
Results

119
Mapping statistics and CNV detection 120 We performed whole genome sequencing in 12 different breeds of female chickens 121 using Illumina paired-end library and obtained a total of 12.9 Gb of high quality 122 sequence data per individual after quality filtering. After sequence alignment and 123 removing potential PCR duplicates, the sequence depth for each individual varied 124 from 8.2× (CS) to 12.4× (WR), which was sufficient for CNV detection, and the 125 average coverage with respect to the chicken genome reference sequence was 97.2% 126 ( Table 1) . We calculated the average RD for 5 kb non-overlapping windows for all 127 autosomes and performed GC correction as previous reports. The GC-adjusted RD 128 mean and standard deviation (STDEV) of autosomes for each individual was listed in 7 of CNVs less than 10 kb in length was smaller in BY (52.6%) and CS (54.8%) 135 compared with others (from 73.4% in SK to 90.3% in WR). For all CNVs classified 136 as duplication, the autosomal maximum copy number was 40.8 on chromosome 2 137 (chr2) in RJF, and the average copy number of all duplicated regions on autosomes in 138 all individuals was 3.88. 139 A total of 9,025 CNV regions (CNVRs) allowing for CNV overlaps of 1 bp or greater 140 were obtained, mainly on the 28 autosomes, two linkage groups and sex chromosomes, 141 which amounted to 100.1 Mb of the chicken genome and corresponded to 9.6% of the 142 genome sequence. The individualized chicken CNV map across the genome was 143 shown in Supplementary Figure S1 . The length of CNVRs ranged from 1.1 to 268.8 144 kb with an average of 11.1 kb and a median of 6.6 kb. In total, 6,276 (69.5%) out of 145 all CNVRs had size varying from 1.1 to 10 kb (Figure 1a) . Although chr1 had a 146 maximum of 1,933 CNVRs, the two largest CNVR density, defined as the average 147 distance between CNVRs, were 35.7 kb and 32.0 kb on the chr16 and LGE64 148 respectively ( Supplementary Table S2 ). Meanwhile, Among all CNVRs, 6,160 149 (68.3%) were present in a single individual, 1,461 (16.2%) were shared in two 150 individuals and 1,404 (15.5%) shared in at least three individuals (Figure 1b) other individuals larger than 0.600, we found the mean of all probes log 2 ratio values 192 in the three aforementioned individuals were 1.05, 0.85 and 1.05 respectively, and 193 were larger than the value of others which were close to zero. 194 In addition, we chose to investigate 15 predicted CNVRs representing different types 195 and frequencies, and tested all 12 samples for each CNVR. Two distinct pairs of 196 primers were designed for each predicted CNVR ( Supplementary Table S3 ). The 197 proportions of confirmed positive samples (positive predictive value) varied from 50% 198 to 100%, with an average of 91.71%. However, some negative samples were also 199 confirmed to contain CNV, and the false negative rate varied from 0 to 60%, with an 200 10 average of 22.43%. We illustrated the qPCR results for three confirmed CNVRs of 201 different types (gain, loss and both) (Supplementary Figure S3 ).
202
Copy number polymorphic genes 203 We obtained 5,924 non-redundant RefSeq gene transcripts retrieved from the UCSC 204 Genome browser and identified copy number polymorphic genes in different 205 individuals through estimating the copy number of each gene by CNVnator. A total of 206 2,182 genes (36.8%) overlapped with 2,188 predicted CNVRs (24.2%), while the 207 other 3,742 (63.2%) did not. Among them, 535 genes were found to be completely 208 overlapped by CNVRs. The overlapping genes were found not to be highly duplicated 209 sequences, and the maximum copy number is 12.0. We focused on the genes on the 210 anchored chromosomes for the further analysis and discussion due to their clear 211 chromosome locations. We identified the 25 most variable genes according to the 212 STDEV of each gene CN in different individuals, and found that these genes were 213 mainly involved in immune response and keratin formation ( Table 2 and Supplementary Table S3 . Two qPCR results demonstrated copy number estimate of 258 almost each LX was larger than others (Figure 3) , and the average copy number (5.0 259 and 5.2 for two pairs of primers, respectively) of all LX were significant larger than 260 those (2.6 and 2.6) in other individuals using the two-sample t-test (P-value = 0.003 261 and 0.001). Additionally, other identified CNV-gene overlaps were detected to be 262 potentially responsible for economic traits, as these genes were involved in lipid 263 metabolism, muscle development and growth, and secretion process containing 264 hormone, protein and biotin. For example, our results suggested higher copy number 265 for the POPDC3 gene in WL (n = 4.2) than in the other 11 genomes (n = 2.3) ( Figure   266 4c and Supplementary Figure S4c) . Similarly, the WL genome showed the greatest 267 number of AVR2 copies (n = 2.0) on chrZ compared with others (n = 1.1). Two 268 promising genes involving in lipid metabolism, AP2M1 and LBFABP, were identified 269 as the largest copy number (n = 3.0 and 3.2) in meat-type chicken (CS) compared 270 with those of all others.
271
Heatmap analysis 272 We performed a hierarchical clustering heatmap analysis and generated heatmaps 273 based on Pearson's correlation using the CN values for selected gene loci, in order to 274 infer the potential evolutionary history of some genes among 12 individuals. Two 275 genes SLMO2 and TUBB1 in DX and SK, were found to be highly duplicated regions 276 and the two individuals were clustered into one group (Figure 5a) . Another promising 277 gene SOCS2 was also confirmed for the difference in copy number between LX and 278 others (Figure 5b) . Meanwhile, WL showed specific expansion in POPDC3 locus 279 and was split into a separate clade (Figure 5c ).
280
Gene content and QTL analysis of CNVRs
281
A total of 2,182 RefSeq genes overlapped putative CNVRs. Then, we performed gene 282 ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 283 analysis for these variable genes. The GO analysis revealed 641 GO terms, of which 284 157 were statistically significant after Benjamini correction ( Supplementary Table   285 S5). And GO terms showing significant enrichment were mainly involved in positive 286 regulation of macromolecule metabolic process and gene expression, plasma 287 membrane, protein localization, enzyme binding, response to oxidative stress and 288 immune system development. The KEGG pathway analysis indicated that the variable 289 genes were overrepresented in 11 pathways, but none of which was significant after 290 Benjamini correction. According to our artificial QTL filtering criteria, we identified 291 595 high-confidence QTLs in total, of which 301 (50.6%) were found to overlap with 292 561 CNVRs (6.2%) ( Supplementary Table S6 ). These QTLs were mainly involved 22.43%. This result may be due to the fact that we apply stringent criteria of CNV 377 detection in order to minimize the false positive rate, while it also simultaneously 378 results in possible increase in false negative rate. 379 Our results showed that 36.8% RefSeq genes intersected with 24.2% predicted The function of AVR2 has been postulated to be implicated in inflammation response 443 in the manner of an antibiotic (Hytonen et al. 2005) . WL is the most prolific egg 444 laying chicken due to the fact that it has been extensively bred for egg production, 445 thus the oviduct and uterus, serving as two important parts of the reproductive organs, 446 are always in highly active state, and copy number increase at these loci related to 447 laying may reveal important differences in abilities like protein secretion and eggshell 448 formation between WL and other breeds. 449 Meat production is also a trait of economic importance. CS is a commonly used breed tests to the segments. A more detailed description of method could be found at 535 CNVnator paper (Abyzov et al. 2011) . We ran CNVnator with a bin size of 100 bp for 536 our data. CNV calls were filtered using stringent criteria including a P-value < 0.01 537 and a size > 1 kb, and calls with > 50% of q0 (zero mapping quality) reads within the 538 CNV regions were removed (q0 filter), and calls overlapping with gaps which is 539 larger than or equal to 5 bp in the reference genome were excluded from consideration. 540 In unknown chromosomes (chrN_random and chrun_random in UCSC, chrUn), we 541 controlled CNV size to be shorter than arbitrary 1/10 total length of respective contig 542 for reliable CNV detection considering the percentage of CNV versus 543 macrochomosomes in length is approximate to 10% and CNV should be much shorter 544 than a contig. Meanwhile, we performed genotyping of all 5 kb non-overlapping 545 windows which did not overlap with putative CNVs and gaps in autosomes. Competing interests 627 The authors declare that they have no competing interests. LGE22
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